Background {#Sec1}
==========

Non-alcoholic fatty liver disease (NAFLD), as the most common liver disease \[[@CR1], [@CR2]\], occurs when fat is deposited (steatosis) in the liver without excessive alcohol use. The most extreme NAFLD form is non-alcoholic steatohepatitis (NASH) \[[@CR3]\]. NAFLD is related to insulin resistance and metabolic syndrome (obesity, combined hyperlipidemia, diabetes mellitus type 2, and high blood pressure). It may respond to treatments originally developed for other insulin-resistant conditions such as type 2 diabetes mellitus \[[@CR3], [@CR4]\].

The global prevalence of NAFLD is emerging as 25.2% \[[@CR5]\]. However, up to 80% of obese people have NAFLD \[[@CR6]--[@CR8]\]. The usual risk factors for NAFLD are obesity, impaired blood glucose regulation \[[@CR9], [@CR10]\], dyslipidemia, and older age \[[@CR11], [@CR12]\]. Inflammation and oxidative stress are the main inducers of insulin resistance that influence the pathology of NAFLD \[[@CR13], [@CR14]\]. Insulin resistance has a direct association with liver fat content \[[@CR15]\].

Irisin, as a myokine \[[@CR16]\] and adipokine \[[@CR17]\], has a direct relationship with exercise and is related inversely to the triglyceride content of hepatocytes \[[@CR16]\]. Irisin can modify insulin sensitivity \[[@CR16], [@CR18]--[@CR21]\] by modulating glucose and lipid metabolism \[[@CR19], [@CR22]\] and enhancing uncoupling protein-1 (UCP1) expression which stimulates thermogenesis \[[@CR19], [@CR20], [@CR23]\]. Regular exercise training and improving lifestyle \[[@CR18], [@CR20], [@CR21], [@CR23], [@CR24]\] improve secretion of irisin by increasing peroxisome proliferator-activated receptor gamma (PPAR-γ) coactivator 1-alpha (PGC-1α). PGC-1α is a transcriptional coactivator which regulates the genes involved in energy metabolism through interacting with the PPAR-γ \[[@CR25]\]., According to a study in obese NAFLD patients, liver enzymes and triglyceride contents had an inverse relationship with serum irisin \[[@CR26]\]. Thus, irisin may play an important role in the amelioration of hepatic diseases especially NAFLD \[[@CR16]\].

The dietary polyphenols as anti-oxidant and anti-inflammatory compounds have important roles \[[@CR27]\]. GC (*Elettaria cardamomum*) from the ginger family as "the queen of spices" consists of numerous polyphenols such as quercetin \[[@CR28]\], which suppress nuclear factor-kappa B (NF-κB) \[[@CR28]--[@CR31]\]. This factor is a protein complex involved in the control of cytokine production and cellular responses to stimuli such as inflammatory cytokines and oxidative stress \[[@CR32]\]. Some of the polyphenols such as quercetin and resveratrol can activate PGC-1α \[[@CR33], [@CR34]\]. According to a study on adipocytes, quercetin increased the gene expression of irisin \[[@CR17]\]. So, GC may influence serum irisin, insulin resistance, and hepatic steatosis \[[@CR16]\].

Weight loss and physical activity are the common therapeutic approaches of NAFLD \[[@CR35], [@CR36]\]. Due to the disputable treatment of NAFLD, new therapies may be necessary for the amelioration of NAFLD \[[@CR37]\]. Because of the challenge of weight loss and physical activity for a long time \[[@CR38]\], changing the dietary ingredients may be an effective approach \[[@CR39]--[@CR41]\]. Important and different health effects have been reported for GC including antioxidant and anti-inflammatory effects \[[@CR42]--[@CR44]\]. 1,8-cineole and alpha-terpinyl acetate are the two major components of cardamom volatile oil \[[@CR45]\].

Cardamom in many animal models has improved glucose metabolism \[[@CR46]--[@CR48]\]. Nevertheless, similar human studies are very limited. In Only two distinct studies of GC supplementation, changes of FBS and insulin sensitivity in overweight or obese pre-diabetic women \[[@CR49], [@CR50]\] and glycemic indices (FBS, insulin, and HbA1c) among type 2 diabetic patients \[[@CR51]\], were not significant. However, insulin sensitivity in pre-diabetic women revealed a significant improvement across the cardamom group \[[@CR49]\].

Due to the important effects of irisin in various metabolic pathways, its hepatic role should be studied. The stimulation of irisin secretion by GC in overweight or obese NAFLD patients should also be assessed. Meanwhile, the GC effects on serum irisin levels, glucose indices, and lipids in overweight or obese NAFLD patients have not previously been investigated. So, this study was planned to determine the efficacy of GC on serum irisin levels, glucose profiles, and lipids in these patients.

Methods {#Sec2}
=======

Study design and subjects {#Sec3}
-------------------------

The ethics committee of Tehran University of Medical Sciences approved this double-blind randomized placebo-controlled clinical trial under the code of IR.TUMS.REC.1394.791. The study was registered to Iranian Registry of Clinical Trials as IRCT2015121317254N4 on 27/12/2015. The participators were overweight or obese NAFLD patients referring to the sonography department of NIOC central hospital of Tehran. This trial lasted from 8 May 2016 until 17 September 2017.

**Inclusion criteria** were NAFLD according to ultrasonography (mild to severe fatty infiltration), age 30--60 years, and 25 ≤ BMI \< 35 kg/m^2^. On the other hand, **Exclusion criteria** were alcohol intake history during the past 12-months, failure to cooperate, conditions affecting the liver, secondary NAFLD, disability, uncontrolled hypertension (\> 140/90 mmHg), diabetes mellitus, pregnancy or lactation, expert athlete, intake of statins, ursodeoxycholic acid, probiotics, antihypertensive, cardamom interacting drugs, and taking multivitamin-mineral and antioxidant supplements over the past 3-months, losing weight during the past 3-months, not taking more than 10% of the intervention supplement, and other criteria which have been mentioned in the published trial protocol \[[@CR39], [@CR40], [@CR52]\].

This trial adhered to CONSORT guidelines and included a completed CONSORT checklist as an Additional file [1](#MOESM1){ref-type="media"}.

Randomization and intervention {#Sec4}
------------------------------

According to the block randomization method, participants were divided into two equal groups by an assistant (cardamom \[*n* = 43\] or placebo \[*n* = 44\]). The stratified randomization method was utilized for matching age (30--45 and 46--60 yrs) and gender. The ratio of the two groups was 1:1. Three patients from the GC group and 2 patients from the placebo group declined to participate after randomization and before the beginning of the study (Fig. [1](#Fig1){ref-type="fig"}).Fig. 1:Flow chart of the study participants

The blinding of intervention allocation was done for both the participants and investigators as A and B packages. The Samex agency of India provided GC. The GC and placebo capsules were made by the Traditional Medicine Research Center (TMRC), Iran University of Medical Sciences, Tehran, Iran. The shape, size, and color of the capsules were similar. The contents of capsules were 0.5 g of whole GC or toast powder. Before supplementation, the capsules were weekly placed alongside each other to get a similar smell. The absorbed cardamom volatile oil in the placebo capsules was very little to change health parameters. According to a previous study, the dose of supplements was determined 3 g/day \[[@CR43]\] as 2 capsules per meal with food. However, the intake and absorption of the GC both with or without food should be investigated further. The supplements were distributed on a monthly basis and checking compliance status was also done monthly through face to face and weekly by telephone. The lifestyle advice was presented by an expert dietitian (MDM) in the hospital. The duration of the intervention was 3 months.

The GC voucher number was *Elettaria cardamomum (L.) Maton, Family: Zingiberaceae, PMP-669*. The analysis of the whole GC was performed by Medicinal Plants Institute of Shahid Beheshti University of Medical Sciences, Tehran. The contents of cardamom essential oil according to the gas chromatography-mass spectrometry (GC-MS) were 41% α-terpinyl acetate and 30% 1,8-cineole. According to high-performance liquid chromatography (HPLC) based on standard gallic acid, the total phenolic acid content was 10.53 ± 0.18 μg gallic acid equivalent/mg extract. Also, the content of total flavonoid by maceration method based on quercetin standard was 4.143 ± 1.865 μg quercetin/mg dry extract.

-Assessments and measurements {#Sec5}
-----------------------------

### General characteristics, dietary intakes, and physical activity {#Sec6}

The NAFLD patients were identified, the eligibility criteria checked, the study details were clarified, and informed consent was obtained by the main investigator. The questionnaires including the general questionnaire, 24-h food recall (at the beginning, middle, and end), and short-form IPAQ (SF-IPAQ) questionnaire (at the beginning and end) were administered through interviewing. At the beginning of the study, lifestyle changes \[[@CR41]\] including 5% weight loss diet \[[@CR53]\] and enhancing physical activity as moderate-intensity aerobic at least 3 times/week for 30--45 min \[[@CR54]\] were presented.

The dietary status was determined using gram per day of values from 24-h food recall (valid in Iran \[[@CR55]\]) by the *Nutritionist 4* software \[[@CR55], [@CR56]\].

The IPAQ questionnaire provides information on physical activity that people do as part of their everyday lives. The questions are about the time when the person has been active during the last 7 days. This questionnaire addresses the activities in the workplace or as part of the homework and the garden, place to place movement, exercises, and leisure activities. It also considers all the intense activities over the past 7 days. Intense activities require a great deal of physical power and more intense breathing. The IPAQ addresses only continuous activities for at least 10 min. Its short form has 7 classified questions determining the three activity levels (1--3 or low-to-high levels). This questionnaire had been validated in Iran \[[@CR57], [@CR58]\].

### Anthropometric measurements {#Sec7}

Weight (at the beginning and end) and height (at the beginning) were determined by using a digital scale and stadiometer (*Seca® Germany, Model: 7551021994*). Body mass index (BMI) was calculated via dividing weight in kilograms by squared height in meters.

### Sonography and blood biomarkers measurement {#Sec8}

At the beginning and the end of the study, the liver ultrasonography was done after 12 h of fasting by one radiologist to reduce the differences of human error.

For this purpose, 10 ml blood (at the beginning and end) was taken from the peripheral vein after 12-h fasting during the night and centrifuged for 20 min (3000 *g*). Serum glucose was determined on the same day of blood withdrawal. The remaining serums were frozen and stored at − 80 °C up to the analysis.

Serum irisin was determined using the sandwich ELISA and kit as *Shanghai Crystal Day Biotech Co. Ltd®; Intra-assay CV \< 8%, Inter-assay CV \< 10*% by an automatic device (*Elisys Uno Human®*). Similarly, the ELISA kit for FBI was *DiaMetra® Co of Italy, DCM076--8; Intra-assay CV ≤ 5%, Inter-assay CV ≤ 10%.* Serum glucose was measured according to glucose oxidase method using Hitachi analyzer device (*q17®*) and the specific kit as *Bionik®, Liquid Stable, Glucose oxidase GOD-POD, Mono-reagent; Intra-assay CV ≤ 2.10%, Inter-assay CV ≤ 3.09%*. In addition, the serum levels of TC, TG, LDL-c, and HDL-c were measured using Hitachi analyzer device (*q17*®) and the specific kits as 1-*Bionik*®*, Liquid Stable, Enzymatic Colorimetric CHOD-POD*, 2-*Bionik*®*, Liquid Stable, GPO-POD, Mono-reagent*, 3-*Bionik*®*, Liquid Stable, Direct. Enzymatic Colorimetric*, and 4-*Bionik*®*, Liquid Stable, Direct. Enzymatic Colorimetric*, respectively. The intra- and inter-assay coefficients of variation for TC, TG, LDL-c, and HDL-c were ≤ 1.216% and ≤ 6.906%, ≤1.573% and ≤ 7.704%, ≤1.76% and ≤ 0.65%, and ≤ 0.7% and ≤ 1.5%, respectively. HOMA-IR and QUICKI indices were calculated by the following formulas:$$\documentclass[12pt]{minimal}
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Sample Sizeges {#Sec9}
--------------

The sample size was determined using the "two mean comparison formula". According to a previous study on the effects of cardamom among type 2 diabetic patients, the mean difference of FBS between the groups was 6 mg/dl and the standard deviation was 9.6 mg/dl \[[@CR51]\]. The type I and type II errors were considered 0.05 and 0.2, respectively. In total, 46 participants were accounted for each group (GC and placebo) while considering a 15% drop.

Data analysis and accessibility {#Sec10}
-------------------------------

Data management including entry, security, coding, and storage was performed at this stage. The missing data of follow-up stage and baseline of one patient were estimated by modified-intention to treat (m-ITT) analysis and regression imputation method. The Kolmogorov-Smirnov, Chi-square, Fisher Exact, and t or Mann-Whitney tests assessed normality of continuous variables as well as categorical and continuous baseline characteristics, respectively. Two-way repeated measures analysis of variance (TWRM-ANOVA) was used to determine time effects and time by treatment interaction effects on all dependent variables. Moreover, TWRM-ANOVA was adjusted for dietary intake of vitamins E and B6. Also, 95% confidence interval (CI) and a *P*-value\< 0.05 were considered for reporting the measurements. Data analysis was conducted using SPSS~16~ (statistical package for the social sciences) and STATA~11SE~ (general-purpose statistical software package by Stata Corp) software. The main investigator had access to the final dataset and the results were presented by the publication.

Results {#Sec11}
=======

Participants' characteristics {#Sec12}
-----------------------------

According to Fig. [1](#Fig1){ref-type="fig"}, overall, 787 people were screened based on medical history. Specifically, 114 subjects had the eligibility criteria, of whom 15 declined and 7 could not participate. Also, 92 subjects were randomized, with 3 subjects in the GC group and 2 subjects in the placebo group refusing to participate and as such did not receive the intervention. Thus, the first visit was completed for 87 subjects (cardamom *n* = 43; placebo *n* = 44). In addition, 6 subjects could not continue the follow-up stage (for personal reasons and travel; cardamom *n* = 3; placebo *n* = 3). Further, the baseline serum sample of one subject in the placebo group was not available. Eventually, data analysis was performed for 87 subjects according to the modified-ITT analysis.

The general characteristics and physical activity level of the patients are presented in Table [1](#Tab1){ref-type="table"}. Most of the participants had similar education, high economic and low physical activity level. Both groups used more than 95% of the prescribed supplements.Table 1General characteristics and physical activity as well as liver status of overweight or obese patients with non-alcoholic fatty liver disease (NAFLD)General variables and physical activityCardamom\
(*n* = 43)\
n(%) or Mean (SD)Placebo\
(*n* = 44)\
n(%) or Mean (SD)*P*-valueAge (yrs)30--4518 (41.9)20 (45.5)0.7^a^46--6025 (58.1)24 (54.5)Gendermale27 (62.8)27 (61.4)0.8^b^Education levelup to associate degree18 (41.9)20 (45.5)0.7^b^Bachelor and higher25 (58.1)24 (54.5)Economic levelLow/moderate (≤6 living items)12 (27.9)6 (13.6)0.1^b^High (≥7 living items)31 (72.1)38 (86.4)Physical activity level (Baseline)1.1 (0.3)1.2 (0.4)0.1^c^Physical activity level (End)1.3 (0.5)1.3 (0.6)0.6^c^Fatty liver Degree\
(Baseline)Grade 00 (0)0 (0)0.1^b^Grade 127 (62.8)34 (77.3)Grade 216 (37.2)10 (22.7)Grade 30 (0)0 (0)Fatty liver Degree\
(End)Grade 018 (41.8)2 (4.5)\< 0.001^b^Grade 122 (51.2)34 (77.3)Grade 23 (7.0)8 (18.2)Grade 30 (0)0 (0)^a^Mann-Whitney; ^b^Chi-square; ^c^t-testTable 2Comparison of baseline mean for BMI and serum irisin, glucose indices, and lipids in overweight or obese patients with non-alcoholic fatty liver disease (NAFLD)Baseline Dependent VariablesCardamom\
(*n* = 43)\
n(%) or Mean (SD)Placebo\
(*n* = 44)\
n(%) or Mean (SD)*P*-valueBMI (kg/m2)25--29.9916 (37.2)17 (38.6)0.8^b^30--34.9927 (62.8)27 (61.4)FBS (mg/dl)93.3 (7.6)91.5 (7.9)0.3^c^FBI (μIU/ml)8.1 (0.6)7.9 (0.9)0.7^c^HOMA-IR (score)1.8 (0.1)1.7 (0.2)0.1^a^QUICKI (score)0.34 (0.005)0.35 (0.008)0.1^c^Irisin (ng/ml)25.3 (2.9)25.2 (2.2)1.0^c^TC (mg/dl)204.5 (25.0)205.0 (26.7)0.9^a^TG (mg/dl)170.2 (77.4)178.0 (74.7)0.6^a^LDL-c (mg/dl)125.1 (26.3)124.4 (21.7)0.8^a^HDL-c (mg/dl)44.7 (9.7)45.3 (8.7)0.7^aa^t-test; ^b^Chi-square; ^c^Mann-Whitney; *BMI* body mass index, *HOMA-IR* homeostasis model assessment-insulin resistance, *QUICKI* quantitative insulin sensitivity check index, *FBS* fasting blood sugar, *FBI* fasting blood insulin, *TC* total cholesterol, *TG* triglyceride, *HDL-C* high-density lipoprotein cholesterol, *LDL-C* low-density lipoprotein-cholesterol

Changes in dietary intake and blood biomarkers {#Sec13}
----------------------------------------------

The dietary intake of vitamin E in the baseline was higher in cardamom group, while the other baseline features were similar between the two groups (Tables [2](#Tab2){ref-type="table"} and [3](#Tab3){ref-type="table"}).Table 3Mean of dietary intakes during the study on overweight or obese patients with non-alcoholic fatty liver disease (NAFLD)Dietary intakes during the studyCardamom (*n* = 43)\
Mean(95% CI)Placebo (*n* = 44)\
Mean(95% CI)*P*-value^a^Energy (kcal)2038.2 (1875.6, 2200.8)2004.7 (1844.0, 2165.5)0.4Protein (g)82.7 (74.8, 90.6)80.6 (72.8, 88.4)0.3Protein (%)16.1 (15.3, 17.0)16.1 (15.3, 16.9)0.6Carbohydrate (g)242.7 (221.5, 263.8)245.1 (224.1, 266.0)0.3Carbohydrate (%)47.5 (45.8, 49.3)49.3 (47.5, 51.0)0.7Fat (g)86.5 (78.7, 94.3)82.2 (74.4, 89.9)0.5Fat (%)38.3 (36.8, 39.8)36.6 (35.1, 38.1)0.8Cholesterol (mg)244.3 (200.6, 288.1)221.1 (177.9, 264.3)0.8Saturated fat (g)23.7 (21.2, 26.2)22.7 (20.2, 25.1)0.7Monounsaturated fatty acid (g)31.7 (28.7, 34.6)29.8 (26.9, 32.7)0.6Polyunsaturated fatty acid (g)21.9 (19.4, 24.4)20.7 (18.2, 23.2)0.1Vitamin A \[RAE\] (μg)372.1 (303.6, 440.6)398.3 (330.5, 466.0)0.3Carotenoids (mg)8.1 (6.61, 9.73)8.2 (6.67, 9.75)0.2Vitamin C (mg)83.1 (69.0, 97.2)86.5 (72.6, 100.4)0.7Calcium (mg)941.4 (827.2, 1055.6)989.5 (876.6, 1102.3)0.050Iron (mg)13.0 (12.0, 14.1)12.4 (11.4, 13.5)0.7Vitamin D (μg)1.0 (0.5, 1.5)1.7 (1.2, 2.2)0.7Vitamin E (mg)26.0 (23.3, 28.8)23.5 (20.8, 26.2)0.01Vitamin B1 (mg)1.54 (1.40, 1.68)1.53 (1.40, 1.67)0.7Vitamin B2 (mg)1.7 (1.5, 1.9)1.8 (1.6, 1.9)0.06Vitamin B3 (mg)23.3 (20.7, 25.9)21.9 (19.4, 24.4)0.4Vitamin B6 (mg)1.7 (1.5, 1.9)1.6 (1.5, 1.8)0.02Folate (DFE) (μg)403.2 (363.2, 443.1)389.9 (350.4, 429.4)0.5Vitamin B12 (μg)4.11 (3.55, 4.68)4.06 (3.50, 4.62)0.9Vitamin K (μg)190.4 (135.4, 245.4)153.1 (98.8, 207.5)0.4Zinc (mg)11.0 (10.0, 12.0)11.1 (10.1, 12.1)0.7Selenium (μg)95.3 (84.7, 105.9)101.4 (90.9, 111.9)0.7Total fiber (g)27.0 (24.1, 30.0)24.7 (21.8, 27.7)0.3^a^Two way repeated measures-ANOVA (TWRM-ANOVA)

The dietary intake of vitamin E and B6 during the study was higher in the cardamom group (*P* \< 0.05, Table [3](#Tab3){ref-type="table"}), while the other dietary intakes were almost similar between the two groups. These significant intakes were considered as confounders in the final analysis model. Within the cardamom group, the mean difference of FBS was not significant (*P* \> 0.05). On the other hand, FBI, HOMA-IR, TC, TG, and LDL-c diminished, while QUICKI, HDL-c, and irisin increased significantly (*P* \< 0.05). Within the placebo group, the mean differences of FBS, TC, TG, LDL-c, and HDL-c were not significant (*P* \> 0.05), but the FBI and HOMA-IR decreased and QUICKI and irisin rose significantly (*P* \< 0.05) (Table [4](#Tab4){ref-type="table"}).Table 4The changes of serum irisin, glucose indices, and lipids in overweight or obese patients with non-alcoholic fatty liver disease (NAFLD)VariablesSupplementBaseline Mean \[SD\]End Mean \[SD\]*P*-value^\$^Mean Changes (95% CI)*P*-value^\#^ (time by treatment interaction)FBS (mg/dl)^\*^Cardamom (*n* = 43)93.3 (7.6)92.7 (6.7)0.5−0.6 (−1.0, −0.1)0.1 0.2Placebo (*n* = 44)91.5 (7.9)92.2 (7.8)0.090.7 (0.1, 1.2)FBI (μIU/ml)Cardamom (*n* = 43)8.1 (0.6)5.4 (0.9)\< 0.001−2.7 (−2.75, −2.64)\< 0.001\
\< 0.001Placebo (*n* = 44)7.9 (0.9)7.5 (1.2)\< 0.001− 0.4 (− 0.46, − 0.33)HOMA-IRCardamom (*n* = 43)1.8 (0.1)1.2 (0.2)\< 0.001−0.6 (− 0.61, − 0.59)\< 0.001\
\< 0.001Placebo (*n* = 44)1.79 (0.2)1.72 (0.3)0.001−0.07 (− 0.08, − 0.05)QUICKI\^Cardamom (*n* = 43)0.347 (0.005)0.371 (0.012)\< 0.0010.024 (0.0246, 0.0233)\< 0.001\
\< 0.001Placebo (*n* = 44)0.350 (0.008)0.352 (0.010)0.0010.002 (0.0025, 0.0014)TC (mg/dl)Cardamom (*n* = 43)204.5 (25.0)198.7 (25.2)0.01−5.8 (−7.4, −4.1)0.1\
0.2Placebo (*n* = 44)205.0 (26.7)204.7 (26.2)0.9−0.3 (−2.0, 1.4)TG (mg/dl)Cardamom (*n* = 43)170.2 (77.4)134.5 (54.9)\< 0.001−35.7 (−40.1, −31.2)0.005\
0.01Placebo (*n* = 44)178.0 (74.7)168.3 (69.0)0.057−9.7 (−14.3, − 5.0)LDL-c (mg/dl)Cardamom (*n* = 43)125.1 (26.3)121.1 (24.2)0.01−4 (−5.6, −2.3)0.01\
0.07Placebo (*n* = 44)124.4 (21.7)126.3 (23.3)0.31.9 (0.4, 3.3)HDL-c (mg/dl)Cardamom (*n* = 43)44.7 (9.7)53.1 (10.3)\< 0.0018.4 (7.7, 9.0)\< 0.001\
\< 0.001Placebo (*n* = 44)45.3 (8.7)45.7 (8.4)0.40.4 (−0.1, 0.9)Irisin (ng/ml)^Φ^Cardamom (*n* = 43)25.3(2.9)34.4 (4.3)\< 0.0019.1 (8.8, 9.3)\< 0.001\
\< 0.001Placebo (*n* = 44)25.2 (2.2)26.2 (2.8)\< 0.0011.0 (0.8, 1.1)\*Transformed by square root; \^Cubical Inversely transformed; ΦSquare Inversely transformed; \$Paired t-test; \#Two way repeated measures-ANOVA (TWRM-ANOVA), top row *P*-~value~: unadjusted; bottom row *P*-~value~: adjusted for vitamins E and B6 dietary intake*HOMA-IR* homeostasis model assessment-insulin resistance, *QUICKI* quantitative insulin sensitivity check index, *FBS* fasting blood sugar, *FBI* fasting blood insulin, *TC* total cholesterol, *TG* triglyceride, *HDL-C* high-density lipoprotein cholesterol, *LDL-C* low-density lipoprotein-cholesterol

According to the time by treatment interaction effect in the final analysis model, FBI, HOMA-IR, TG, and LDL-c declined while QUICKI, HDL-c, and irisin grew significantly among cardamom group in comparison with the placebo group (*P* \< 0.05) (Table [4](#Tab4){ref-type="table"}). In other words, GC in comparison with placebo significantly elevated irisin, HDL-c, and QUICKI and reduced FBI, HOMA-IR, TG, and LDL-c (*P* \< 0.05). After adjustment for confounders, the significant changes were similar (*P* \< 0.05) with an exception for LDL-c which showed a trend (*P* = 0.07) (Table [4](#Tab4){ref-type="table"}).

After 3 months of intervention, compared with placebo, GC significantly improved the grade of fatty liver (*P* \< 0.05, Table [1](#Tab1){ref-type="table"}).

Safety {#Sec14}
------

Any side effects related to the treatment were reported, and only nausea and constipation was observed for one patient in the placebo group in one of his follow-ups.

Discussion {#Sec15}
==========

This trial for the first time assessed the effects of GC on serum irisin level, glucose indices, and lipids among overweight or obese NAFLD patients. According to both unadjusted and adjusted analysis, in comparison with placebo, GC significantly augmented serum irisin, HDL-c, and QUICKI and reduced FBI, HOMA-IR, and TG levels. In addition, GC significantly lowered the grade of fatty liver. Furthermore, the decrease in LDL-c was significant in the unadjusted model and showed a trend in the adjusted model. Based on our previous findings in the other part of this trial \[[@CR59]\], compared with placebo, GC significantly diminished serum alanine transaminase (ALT) by 127% and heightened Sirtuin 1 (Sirt1) by 40% (*P* \< 0.05). In addition, the fall in BMI showed a trend among GC group in comparison with the placebo group. So, these improvements may explain the mechanism of GC effects on serum irisin, glucose indices, and lipids levels.

The results of different studies on the health effects of GC are controversial, with some of them presented further.

According to various animal studies, GC improved glycemic indices and lipids \[[@CR46]--[@CR48], [@CR60]--[@CR66]\]. In two separate clinical trials of GC effect, changes in FBS and lipids (TC, TG, LDL-c, and HDL-c) in pre-diabetic women \[[@CR50]\] and changes in glycemic indices (FBS, insulin, and HbA1c) among type 2 diabetic patients \[[@CR51]\], were not significant. According to the second trial among type 2 diabetic patients, GC compared with placebo significantly reduced serum TC and LDL-c and elevated HDL-c levels \[[@CR51]\]. In addition, compared with placebo, changes in weight and BMI were not significant in both studies \[[@CR50], [@CR67]\]. In another study on individuals with stage 1 hypertension, GC non-significantly lowered the lipids (TC, TG, LDL-c, and VLDL-c \[very-low-density lipoprotein cholesterol\]) \[[@CR43]\]. Further, Greater cardamom (*Amomum subulatum Roxb*.) in patients with ischemic heart disease significantly improved atherogenic lipids (TC, TG, LDL-c, and VLDL-c) without significant changes in HDL-c. The possible reasons for the slight contrast are the difference in the design of the study, sample size, type of patients and supplement, duration of the intervention, the level of serum glucose indices at the baseline of study. Ginger, which is another member of the Zingiberaceae family, significantly improved FBS, TC, TG, and HDL-c levels according to a meta-analysis. The reported mechanisms were related to contents of phenols, polyphenols, and flavonoids, diminished synthesis, and increased excretion of cholesterol \[[@CR68]\].

The proposed various mechanisms of GC effect on glucose and lipid profiles include antioxidant capacity increment \[[@CR63], [@CR64]\], inhibition of inflammation \[[@CR48]\], improvement of obesity, enhanced insulin activity and sensitivity (increased glycogenesis, decreased gluconeogenesis) \[[@CR62]\], increased expression and activity of PPARγ (improved glycemic control) \[[@CR46]\], and inhibition of cholesterol synthesis \[[@CR64]\]. The oxidative stress may damage tissue and impair insulin secretion and glucose transmission \[[@CR48]\]. Therefore, reducing oxidative stress can be effective in improving glucose metabolism. The hypolipidemic effect of GC may also improve plasma glucose and insulin levels and enhance insulin function \[[@CR60]\]. The effect of flavonoids on glycemic indices is related to reduced glucose absorption and enhanced glucose tolerance \[[@CR66]\].

Only in a cellular study on adipocytes, quercetin (as a standard flavonoid in GC) significantly amplified the expression of irisin \[[@CR17]\]. According to the beneficial effects of irisin on glucose indices and the increase of its serum levels with GC, this new mechanism in ameliorating glycemic status is suggested through increasing irisin levels.

In a study with three levels of GC on hepatotoxicity in albino mice, a significant reduction in weight gain was observed \[[@CR60]\]. These findings were attributed to the antioxidant capacity increment. In another study in male Wistar rats with metabolic syndrome, high levels of GC (3 g/kg body weight) augmented visceral obesity and total body fat \[[@CR69]\]. It may be attributed to the high dose of GC.

The probable mechanism for interpreting the effects of GC on weight and BMI involves reduction of visceral fats and the absorption of foods especially fats in the gastrointestinal system and possibly increased oxidation of fats by affecting the involved enzymes \[[@CR50]\]. In addition, these observed effects may be related to the contents of GC including phenols and flavonoids. The reported mechanisms of the effect of flavonoids on weight are the reduction of fat absorption by inhibiting pancreatic lipase \[[@CR70]--[@CR72]\], enhanced expression of PPAR-α gene and carnitine palmitoyltransferase-1 (CPT-1), and diminished gene expression of enzymes involved in fat synthesis \[[@CR73]\]. Also, 1,8-cineole as a major component of the GC oil has significantly reduced fat mass in various studies \[[@CR69]\].

The novelty would make this study very relevant. As the side-effects of the GC (up to 3 g/day) had not been reported previously, it may be practically feasible for patients to continue taking it in the long run. Nevertheless, the effects and durability of this intervention in the long run should be investigated. The use of the GC in some diseases especially NAFLD needs to be further studied. In addition, the emergence of obesity and, consequently, NAFLD should also be considered.

The important strengths of this study were: the earliest assessment of GC effects in overweight or obese NAFLD patients, the double-blinded stratified blocked randomization design, recruiting the participants with newly diagnosed NAFLD without any treatment, and assessing dietary intakes and physical activity status and adjusting for them. However, some limitations were the self-reporting of diet and physical activity, no liver biopsy, measuring gamma-glutamyl transferase (GGT), hemoglobin A1c (HbA1c), body composition, and bioavailability and serum levels GC or its components, and determining the durability of the intervention in the long run, and 24-h food recall which is not appropriate for determining the usual food intake.

Conclusion {#Sec16}
==========

GC supplementation in overweight or obese NAFLD patients showed a significant beneficial effect on the grade of fatty liver, serum glucose indices, and lipid profiles, which may be mediated by an increase in serum Sirt1 and irisin concentration. Further trials are required to use GC in clinical practice.
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===============
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Additional file 1:CONSORT 2010 checklist of information to include when reporting a randomized trial. (DOC 223 kb)

BMI

:   Body mass index

CEO

:   Cardamom essential oil

COX-2

:   Cyclooxygenase-2

ELISA

:   Enzyme-linked immunosorbent assay

GC

:   Green Cardamom

GC-MS

:   Gas chromatography-mass spectrometry

HPLC

:   High-performance liquid chromatography

hs-CRP

:   High-sensitivity C-reactive protein

IL-1β

:   Interleukin-1 beta

IL-6

:   Interleukin-6

iNOS

:   Inducible nitric oxide synthase

IPAQ

:   International physical activity questionnaire

ITT

:   Intention to treat

NAFLD

:   Non-alcoholic fatty liver disease

NASH

:   Non-alcoholic steatohepatitis

NF-κB

:   Nuclear factor kappa-light-chain-enhancer of activated B cells

NIOC

:   National Iranian Oil Company

PGC-1α

:   PPAR-γ coactivator-1 alpha

PPAR

:   Peroxisome proliferation activated receptor

ROS

:   Reactive oxygen species

Sirt-1

:   Sirtuin-1

SOD

:   Superoxide dismutase

TG

:   Triglyceride

TMRC

:   Traditional Medicine Research Center

TNF-α

:   tumor necrosis factor-alpha

TPN

:   Total parenteral nutrition

TWRM-ANOVA

:   Two way repeated measures analysis of covariance
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